INTRODUCTION
============

Nocturia is considered to have a negative impact on quality of life due to bothersome storage symptom and is a highly prevalent \[[@b1-inj-1938062-031]\]. Although the International Continence Society (ICS) defined nocturia as the frequent need to wake up at night to void \[[@b2-inj-1938062-031]\], waking to void once every night could be normal, that most people who void less than two times during the night generally do not feel any discomfort during urination, and that adults normally rise no more than twice at night to void. Moreover, nocturia has been associated with more severe conditions when waking up during the night to void occurs two or more times in their daily life \[[@b3-inj-1938062-031]\].

The pathophysiology of nocturia is varied and difficult to ascertain. Generally, the 2 main causes of nocturia are excessive amounts of urine produced during the night and reduced nocturnal bladder capacity \[[@b4-inj-1938062-031]\]. Recently, nocturia has been associated with circadian dysfunction \[[@b5-inj-1938062-031]\]. The underlying causes may be divided into 2 broad categories, urologic or nonurologic origin \[[@b6-inj-1938062-031]\]. Urologic origin refers to lower urinary tract symptoms, including benign prostatic hyperplasia (BPH) and overactive bladder (OAB). By contrast, obesity, sleeping status, glucose intolerance, hypertension, cardiac disease, central nervous system (CNS) disorder, and depression are correlated with nocturia in nonurologic origin \[[@b4-inj-1938062-031]\]. Among the various nonurologic origins, obesity is not only a risk factor for other related causes, such as glucose intolerance, hypertension, cardiac disease, and CNS disorder, but is also relatively reversible. Therefore, investigating the correlation between obesity and nocturia is important in order to improve patients' quality of life by alleviating nocturia. A number of epidemiological studies have reported that the prevalence of nocturia is higher among obese patients than among nonobese patients \[[@b4-inj-1938062-031],[@b7-inj-1938062-031],[@b8-inj-1938062-031]\]. In particular, many studies have reported that body mass index (BMI) was positively associated with nocturia in the general population \[[@b7-inj-1938062-031],[@b9-inj-1938062-031]\]. However, some studies did not show such a positive association \[[@b10-inj-1938062-031],[@b11-inj-1938062-031]\]. In addition, considering the heterogeneity of age, sex ratio, and various comorbidity between these studies, the association of obesity with nocturia remains unclear. Therefore, large population-based studies with subgroup analysis by stratification of major confounding factors are warranted.

Hence, we aimed to investigate the association of obesity with nocturia with subgroup analysis using the National Health and Nutrition Examination Survey (NHANES) data, which included a representative sample of adults from the United States.

MATERIALS AND METHODS
=====================

Study Participants
------------------

We used NHANES dataset from 2005 to 2012. The NHANES is a survey research program with a representative sample of adults from the United States, carried out by the National Center for Health Statistics \[[@b12-inj-1938062-031]\] since 1999, The NHANES is biannually conducted and each cycle included approximately 5,000 persons from 15 areas. The NHANES data is consist of questionnaire-based personal interviews, physical examinations and laboratory tests. More detailed information of sampling design and data collection have been previously described \[[@b13-inj-1938062-031]\]. Among 40,790 participants, 14,135 adults with essential data, such as nocturia questionnaire data, anthropometric data, and laboratory data were included in the present study ([Fig. 1](#f1-inj-1938062-031){ref-type="fig"}).

Definition of Nocturia and Comorbidity
--------------------------------------

We used World Health Organization criteria for obesity, which defined obesity as a BMI above 30 kg/m^2^. We classified the smoking status as ≥100 cigarettes in life and alcohol intake as ≥12 alcohol drinks in 1 year. To define hypertension, we used the average values of the 3 recorded blood pressure (BP) in the sitting position after 5 minutes of rest. Hypertension was defined as any of the following: the average values of the three recorded systolic BP above 140 mmHg, average diastolic BP above 90 mmHg, or having hypertension treatment. We used glucose concentration and hemoglobin A1~c~ (HbA1~c~) to define diabetes mellitus (DM). The NHANES 2005--2006 used a Roche 911 analyzer (Roche, Basel, Switzerland) to measure glucose concentration and a Tosoh A1~c~ 2.2 Plus Glycohemoglobin Analyzer (Tosoh Medics, Inc., San Francisco, CA, USA) to measure HbA1~c~. NHANES 2007--2012 used a Roche/Hitachi modular P chemistry analyzer (Roche Diagnostics GmbH, Mannheim, Germany) and A1~c~ G7 HPLC Glycohemoglobin Analyzer (Tosoh Medics, Inc., San Francisco, CA, USA), respectively. The definition of DM in our study was as any of the following: fasting glucose above 126 mg/dL, HbA1~c~ above 6.5%, random glucose above 200 mg/dL or having DM treatment. Fasting total cholesterol concentration was measured using a Hitachi 912 analyzer (Hitachi, Tokyo, Japan) in NHANES 2005--2006 and a Roche/Hitachi modular P chemistry analyzer in NHANES 2007--2012. We defined dyslipidemia as any of the following: fasting total cholesterol above 240 mg/dL or having dyslipidemia treatment. The data of BPH was only available in NHANES 2005--2008. BPH was defined using a structured questionnaire. Those who answered "yes" of the following questions: "Have you ever been told by a doctor or health professional that you had an enlarged prostate gland" and "Was it a benign enlargement?"

We defined Nocturia using a structured urologic questionnaire. Those who answered "two or more" of the following question considered to have nocturia: "During the past 30 days, how many times per night did you most typically get up to urinate, from the time you went to bed at night until the time you got up in the morning?"

Statistical analysis
--------------------

The mean with a standard deviation or prevalence (%) by nocturia status was presented with P-value using t-test and the Pearson chi-square test. Considering the previous reports of the effect of various components on nocturia, we conducted multivariate logistic regression analysis adjusted for age, sex, race/ethnicity, sleep duration, smoking status, alcohol intake, DM, hypertension, dyslipidemia, estimated glomerular filtration rate (eGFR), and albumin creatinine ratio (ACR) to find the independent odds ratio (OR) of BMI or obesity for nocturia existing as the binary outcome variable \[[@b14-inj-1938062-031]-[@b16-inj-1938062-031]\]. Furthermore, the OR of BMI for nocturia was analyzed using restricted cubic splines (RCS) with five knots. Considering the heterogeneity in baseline data by nocturia prevalence, we conducted subgroup analysis according to age, sex, hypertension and DM. In addition, to minimize the possible bias arising from the heterogeneity, we conducted multivariable logistic regression analysis after 1:1 propensity score matching. Propensity score matching was performed by the nearest neighbor method using package "MatchIt" \[[@b17-inj-1938062-031]\]. The variables selected for the propensity score matching included age, sex, race/ethnicity, smoking status, DM, hypertension, dyslipidemia, ACR, and eGFR. We used the R ver. 3.1.0 (R Foundation for Statistical Computing, Vienna, Austria; [www.r-project.org](www.r-project.org)) and IBM SPSS Statistics ver. 24.0 (IBM Co., Armonk, NY, USA) for the analysis.

RESULTS
=======

Baseline Characteristics
------------------------

A total of 14,135 participants (men; 6,947, women; 7,188), aged 20--85 years were analyzed ([Fig. 1](#f1-inj-1938062-031){ref-type="fig"}). The prevalence of nocturia was 32.7% (men, 30.5%; women, 34.9%). [Table 1](#t1-inj-1938062-031){ref-type="table"} showed the baseline characteristics in this study according to nocturia status. Participants with nocturia were old and commonly women, and have hypertension, DM, and dyslipidemia compared with normal participants. Because of the heterogeneity between normal and nocturia group, we used 1:1 propensity score matching data. Their baseline characteristics were also summarized in [Table 1](#t1-inj-1938062-031){ref-type="table"}.

Association of Obesity With Nocturia
------------------------------------

A significantly association between BMI increase and the prevalence of nocturia was founded (OR, 1.03; 95% CI, 1.02--1.04) ([Table 2](#t2-inj-1938062-031){ref-type="table"}). Those who had a BMI above 30 kg/m^2^ had a significantly higher OR for nocturia (OR, 1.39; 95% CI, 1.28--1.50) ([Table 2](#t2-inj-1938062-031){ref-type="table"}). The RCS showed a dose-dependent increase of OR for nocturia by BMI ([Fig. 2](#f2-inj-1938062-031){ref-type="fig"}). Subgroup analysis showed a similar result regardless of age, sex, hypertension or DM ([Fig. 3](#f3-inj-1938062-031){ref-type="fig"}). Further analysis with 1:1 matching data with propensity score showed a significant association of BMI increase and obesity with the prevalence of nocturia (BMI: OR, 1.02; 95% CI, 1.01--1.03; obesity: OR, 1.25; 95% CI, 1.10--1.41) ([Table 3](#t3-inj-1938062-031){ref-type="table"}).

DISCUSSION
==========

Our study demonstrates a significant association of obesity with nocturia with a nationally representative population-based prevalence estimates in the United States. To our knowledge, our study is one of the largest studies with nationally representative sample. In this study, we were able to confirm the previously established relationship between obesity and nocturia with subgroup analyses stratified by age, sex, and underlying diseases \[[@b9-inj-1938062-031],[@b18-inj-1938062-031]-[@b23-inj-1938062-031]\].

Our study reported that 32.7% of the participants (men, 30.5%; women, 34.9%) had nocturia occurring 2 or more times per night. Data from NHANES 1988--1994 showed that the prevalence of nocturia (≥2 times at night) was 15.5% in men and 20.9% in women \[[@b24-inj-1938062-031]\]. A recent study in men using data form NHANES 2005--2008 reported that the prevalence of nocturia increased by 21% \[[@b25-inj-1938062-031]\]. Our finding shows that the prevalence of nocturia has increased during the last two decades in the United States. A reason for continuous increase in the rate of nocturia prevalence over time may be due to the rapidly aging population \[[@b26-inj-1938062-031]\].

We analyzed not only the prevalence of nocturia, but also the association between nocturia and clinical characteristics. Numerous studies have demonstrated various correlates such as age, race, hypertension, DM, and stroke for nocturia \[[@b4-inj-1938062-031],[@b21-inj-1938062-031],[@b22-inj-1938062-031],[@b25-inj-1938062-031],[@b27-inj-1938062-031]\]. Our study has shown that patients with nocturia tended to be older women with hypertension, DM, and dyslipidemia. The results of the present analysis of the association of nocturia among men and women are consistent with those reported in previous population-based epidemiological studies \[[@b4-inj-1938062-031]\].

Notably, the present study found a significant association between BMI and nocturia by a dose-dependent pattern. This result was consistent with those reported in previous studies \[[@b4-inj-1938062-031],[@b9-inj-1938062-031],[@b18-inj-1938062-031]-[@b23-inj-1938062-031]\]. One of the main strengths in our study was that various subgroup analyses were conducted. In the subgroup analyses by stratification of age, the present study found a significant association between obesity and nocturia in both young and old subgroups. Considering the increasing prevalence of nocturia by aging, a subgroup analysis by age is important because the results are derived after reducing the confounding effects of age. Interestingly, previous studies reported differences with regard to sex in the association of obesity with the prevalence of nocturia \[[@b9-inj-1938062-031],[@b22-inj-1938062-031],[@b23-inj-1938062-031]\]. Many studies reported that women have a stronger association of BMI increase with nocturia than men have \[[@b9-inj-1938062-031],[@b22-inj-1938062-031]\]. Our findings observed the positive association between BMI increase and nocturia in both sexes but the OR in women was higher than that in men. This finding is consistent with those reported in previous studies.

Although patients with DM had higher prevalence of obesity and nocturia than those without DM, only limited evidence exist regarding the association between obesity and nocturia in patients with DM. Chung et al. \[[@b16-inj-1938062-031]\] showed a significantly high OR for nocturia in obese patients with DM in Taiwan whereas Chiu et al. \[[@b28-inj-1938062-031]\] reported insignificant result in another Taiwanese study. Furukawa et al. \[[@b7-inj-1938062-031]\] reported a significantly high OR for nocturia in obese elderly patients with DM in Japan. The present study is also relevant because it used large population data to additionally investigate the dose-dependent correlation of BMI with nocturia in DM patients.

Another strength of the study is that an analysis was performed using an age- and sex-matched control group. Because the nocturia patient group comprised more elderly women, correcting this discrepancy can provide more valid results for the correlation between BMI and nocturia.

The mechanism of association between obesity and nocturia has not yet been clearly determined. Obesity can cause nocturia by increasing urine production or increasing frequency of urination. A possible mechanism of nocturia is that some obese people can increase the production of urine at night with excessive nighttime eating or drinking, especially drinking alcohol \[[@b9-inj-1938062-031]\]. In addition, those with central obesity may have increased intraabdominal pressure, leading to nocturia \[[@b29-inj-1938062-031]\]. Among men, it is known that prostate size or prostate growth rate is positively related to obesity \[[@b9-inj-1938062-031]\]. Therefore, obesity may also increase the risk of nocturia by causing BPH \[[@b30-inj-1938062-031]\]. Other evidence for the mechanism linking obesity and nocturia has been found in several studies reporting an association between weight loss and improvements in nocturia. A randomized clinical trial study with overweight or obese women showed that the incidence of nocturia reduced more in a behavioral weight-reduction intervention group than a control group, over a period of 6 months \[[@b31-inj-1938062-031]\]. In addition, another study reported that a 52-week longterm exercise program improved the BMI and nocturia \[[@b32-inj-1938062-031]\] in obese elderly women.

The present study found a significant association between BMI and nocturia in a dose-dependent pattern regardless of age, sex, hypertension, and DM. However, there were several potential limitations in this study. First, because this study was cross-sectional, further prospective studies are necessary to find the causality between nocturia and obesity. Second, considering our study excluded most participants in NHANES due to lack of data, there might be selection bias. Third, although propensity score matching method was performed to adjust the randomization effects between nocturia groups and control groups, not all variables were adjusted.

In conclusion, this study reported that high BMI and obesity were significantly associated with the prevalence of nocturia in men and women after taking major confounding factors into account. A dose-dependent pattern of increased BMI with increasing prevalence of nocturia was also observed. These findings indicate that greater BMI was significantly associated with increased prevalence of nocturia. Furthermore, the results provide a better understanding of the underlying mechanisms of nocturia from the observed association between nocturia and obesity.
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![Flowchart for participant selection. NHANES, National Health and Nutrition Examination Survey.](inj-1938062-031f1){#f1-inj-1938062-031}

![Relationship between body mass index (BMI) and the odds ratio for nocturia according to sex, hypertension, and diabetes mellitus. (A) Total, (B) men vs. women, (C) normal vs. hypertension, and (D) normal vs. diabetes mellitus. Multivariate logistic regression model adjusted for age, sex, race/ethnicity, smoking, alcohol intake, sleep duration, hypertension, dyslipidemia, diabetes mellitus, albumin creatinine ratio, and estimated glomerular filtration rate](inj-1938062-031f2){#f2-inj-1938062-031}

![The association between obesity and nocturia according to sex, hypertension (HTN), and diabetes mellitus (DM). ^a)^NHANES 2005--2008 data was used due to limited data for benign prostatic hyperplasia (BPH). Multivariate logistic regression model adjusted for the following variables except for the factors for subgroup classification: age, sex, race/ethnicity, smoking, alcohol intake, sleep duration, HTN, dyslipidemia, DM, albumin creatinine ratio, and estimated glomerular filtration rate. OR, odds ratio; CI, confidence interval.](inj-1938062-031f3){#f3-inj-1938062-031}

###### 

Participants' clinical characteristics obtained from the National Health and Nutrition Examination Survey dataset between 2005 and 2012

  Characteristic                                 Before propensity score matching   After propensity score matching                                                                
  ---------------------------------------------- ---------------------------------- --------------------------------- -------- ---------- --------------- --------------- -------- ----------
  Age (yr)                                       49.3 ± 16.8                        59 ± 16.1                         -0.585   \< 0.001   59 ± 15.0       59 ± 16.1       0        0.976
  Male sex                                       4,831 (50.8)                       2,116 (45.7)                               \< 0.001   2,119 (45.8)    2,116 (45.7)             0.967
  Race/ethnicities                                                                                                             \< 0.001                                            \< 0.001
   Mexican Hispanics                             1,260 (13.3)                       679 (14.7)                                            570 (12.3)      679 (14.7)               
   Other Hispanics                               825 (8.7)                          408 (8.8)                                             396 (8.6)       408 (8.8)                
   Non-Hispanic Whites                           4,930 (51.9)                       2,073 (44.8)                                          2,496 (53.9)    2,073 (44.8)             
   Non-Hispanic Blacks                           1,709 (18)                         1,236 (26.7)                                          872 (18.8)      1,236 (26.7)             
   Other race                                    783 (8.2)                          232 (5)                                               294 (6.4)       232 (5)                  
  Smoking (≥ 100 cigarettes in life)             4,251 (44.7)                       2,351 (50.8)                               \< 0.001   2,381 (51.4)    2,351 (50.8)             0.547
  Alcohol intake (≥ 12 alcohol drinks in 1 yr)   7,726 (74.2)                       3,209 (66)                                 \< 0.001   3,238 (70)      3,209 (66)               \< 0.001
  Sleep duration (hr)                            6.9 ± 1.3                          6.8 ± 1.6                         0.071    0.001      6.9 ± 1.4       6.8 ± 1.6       0.067    \< 0.001
  Body mass index (kg/m^2^)                      28.8 ± 6.5                         30.5 ± 7.0                        -0.255   \< 0.001   29.4 ± 6.6      30.5 ± 7.0      -0.162   \< 0.001
  Systolic blood pressure (mmHg)                 122.7 ± 17.1                       128.5 ± 20.3                      -0.319   \< 0.001   128.2 ± 19.0    128.5 ± 20.3    -0.015   0.495
  Diastolic blood pressure (mmHg)                70.6 ± 12.1                        69.4 ± 14.0                       0.094    \< 0.001   70 ± 13.3       69.4 ± 14.0     0.044    0.03
  Fasting glucose (mg/dL)                        107.3 ± 32.9                       116.2 ± 43.7                      -0.242   \< 0.001   114.7 ± 39.3    116.2 ± 43.7    -0.036   0.235
  HbA1~c~ (%)                                    5.7 ± 1.0                          6 ± 1.3                           -0.271   \< 0.001   5.9 ± 1.1       6 ± 1.3         -0.083   \< 0.001
  Total cholesterol (mg/dL)                      199.8 ± 42.6                       198.9 ± 46.4                      0.021    0.251      200.7 ± 43.4    198.9 ± 46.4    0.04     0.049
  Triglycerides (mg/dL)                          135.6 ± 107.2                      148.4 ± 123.8                     -0.113   \< 0.001   140.8 ± 106.4   148.4 ± 123.8   -0.066   0.025
  HDL-cholesterol (mg/dL)                        53 ± 15.9                          53.3 ± 16.6                       -0.019   0.241      53.5 ± 16.4     53.3 ± 16.6     0.012    0.536
  ACR (mg/g)                                     33.7 ± 267.0                       80.8 ± 516.9                      -0.128   \< 0.001   52.8 ± 369.6    80.8 ± 516.9    -0.062   0.003
  eGFR                                           93.5 ± 25.0                        87.7 ± 28.7                       0.221    \< 0.001   88.1 ± 25.8     87.7 ± 28.7     0.015    0.407
  Diabetes mellitus                              1,523 (16)                         1,425 (30.8)                               \< 0.001   1,291 (27.9)    1,425 (30.8)             0.002
  Hypertension                                   4,231 (44.5)                       3,146 (68)                                 \< 0.001   3,163 (68.3)    3,146 (68)               0.721
  Dyslipidemia                                   4,785 (50.3)                       2,949 (63.7)                               \< 0.001   2,953 (63.8)    2,949 (63.7)             0.948

Values are presented as mean±standard deviation or number (%).

Normal, control group; Nocturia, nocturia group; HbA1~c~, hemoglobin A1~c~; HDL-C, high-density lipoprotein cholesterol; ACR, albumin creatinine ratio; eGFR, estimated glomerular filtration rate; Dif, standardized mean difference.

###### 

The association between obesity and nocturia

  Model   BMI                 Obesity (BMI \> 30 kg/m^2^)                       
  ------- ------------------- ----------------------------- ------------------- ----------
  1       1.03 (1.03--1.04)   \< 0.001                      1.55 (1.43--1.67)   \< 0.001
  2       1.03 (1.02--1.04)   \< 0.001                      1.39 (1.29--1.50)   \< 0.001
  3       1.03 (1.02--1.04)   \< 0.001                      1.39 (1.28--1.50)   \< 0.001

Model 1, multivariate logistic regression model adjusted for age, sex and race; model 2, multivariate logistic regression model adjusted for model 1 and dyslipidemia, hypertension, diabetes mellitus, sleep duration, smoking and alcohol intake; model 3, multivariate logistic regression model adjusted for model 2 and blood glucose, total cholesterol, albumin creatinine ratio, and estimated glomerular filtration rate; BMI, body mass index; OR, odds ratio; CI, confidence interval.

###### 

The association between obesity and nocturia in propensity score matching sample

  Model   BMI                 Obesity (BMI \> 30 kg/m^2^)                       
  ------- ------------------- ----------------------------- ------------------- ----------
  1       1.02 (1.01--1.03)   \< 0.001                      1.31 (1.20--1.42)   \< 0.001
  2       1.02 (1.01--1.03)   \< 0.001                      1.32 (1.21--1.44)   \< 0.001
  3       1.02 (1.01--1.03)   \< 0.001                      1.25 (1.10--1.41)   0.001

Model 1, multivariate logistic regression model adjusted for age, sex and race; model 2, multivariate logistic regression model adjusted for model 1 and dyslipidemia, hypertension, diabetes mellitus, sleep duration, smoking and alcohol intake; model 3, multivariate logistic regression model adjusted for model 2 and blood glucose, total cholesterol, albumin creatinine ratio, and estimated glomerular filtration rate; BMI, body mass index; OR, odds ratio; CI, confidence interval.
